INTRODUCTION
Studies of the morphology of regions of infrared (IR) emission in the Galaxy have shown that this emission fairly often forms ring or arc structures, suggestive of the impact of hot stars on the interstellar medium [1] . The widespread presence of such structures became clear thanks to observations made with the Spitzer Space telescope [2, 3] . The catalog of such objects compiled using data from the Spitzer and WISE IR telescopes currently contains above, the MARION onedimensional chemical-dynamical model is able to explain the key properties of IR ring nebulae [9, 11] . One-dimensional dynamical models can also explain the ages of young star clusters, not only near RCW120, but also, for example, near W40 [17] and S235 [18] . It is possible that onedimensional models can also explain other properties of the IR emission of H II regions, such as so-called "yellowballs" [19] .
Comparison with a single spherically symmetrical object is not sufficient if we wish to trace the entire evolutionary path of an H II region from its compact to its developed stage using chemical-dynamical simulations together with radiative-transfer computations and the construction of theoretical IR maps. A more extensive set of objects is needed for comparisons of the results of evolutionary simulations with the results of IR observations obtained with the Spitzer, Herschel, and other telescopes for specific stages in the development of H II regions. Our aim in this study was to analyze the morphologies of H II regions manifest in IR images as ring nebulae, and to distinguish a set of these objects with close to circular shapes, making them the most promising objects for one-dimensional modeling.
Section 2 describes the data used and the methods applied to reduce them. Section 3 is dedicated to an analysis of the morphologies of IR images of nebulae. We discuss the results obtained in Section 4, and formulate our conclusions in Section 5
DATA AND THEIR REDUCTION

Sources of Data
The 20-cm New GPS survey 1 , created using the MAGPIS [20] database of radio images of regions with Galactic coordinates | gal | < 0.8 ∘ и 5 ∘ < gal < 48.5 ∘ , was used as the basis for this study. We identified sources of compact radio emission among the objects in this survey, toward which we carried out a visual search for ring nebulae at 8 and 24 m using images obtained with the IRAC [21] and MIPS [22] cameras of the Spitzer Telescope. The resulting list contains objects having the apperance of rings at 8 m, inside of which IR emission at 24 m and radio emission at 20 cm is observed. Moreover, assuming that the part of the spherically symmetrical shell that is facing the observer should be optically thick in the visible, we also checked for an absence of H when possible, although we were not able to find such data for all the objects. The total number of selected objects was 99, for which we also analyzed 70 m images from the Herschel Telescope archive obtained with the PACS instrument [23] . Six objects in our sample (S15, S21, S44, S123, S145, and S167) did not fall into the 20 cm New GPS survey, but were identified earlier in [2] as IR ring nebulae associated with regions of ionized hydrogen. We decided to include them in our study, sice they are morphologically very similar to the remaining objects.
Cleaning the Images of Point Sources
Prior to our analysis of the morphology of the IR images of ring nebulae and the construction of radial-intensity profiles, we cleaned the archival IR maps used of point sources,
since we are interested in the distribution of emission in these objects. We developed Python code to carry out this cleaning in an automated regime. The search for and removal of the point sources was conducted in three stages, corresponding to the removal of images of bright stars, stars of moderate brightness, and faint stars. Modules in the code were called three times in this process, with appropriate parameters.
The specified parameters were the saturation level for the image (10 000 in digitcal readouts, ADU), the lower intensity threshold for the detection of a point ource (500, 50, or 5 pixels for bright, intermediate, and faint sources, respectively), a rough estimate of the dimensions of the image of a point source for the indicated threshold intensity (FWHM = 5, 2, and 2 pixels, respectively), and the lower intensity threshold for the detection of extended objects (100, 10, 1 pixels, respectively).
Most importantly, the data were cleaned of high-frequency noise at each stage [25] . This was done using a convolution with the kernel
Further, a median filter with core size 3 × 3 pixels was used to estimate the local background levels in the image. The resulting background values were subtracted from the image.
This dataset was also passed through a low-frequency filter. Figure 1 presents an example of an original image and the filtered image used to search for the point sources. We further identified regions containing pixels with values higher than the threshold intensity for the point and extended objects. If the size of the region exceeded 100 pixels, it was taken to be extended. The results of our search for point objects are shown in Fig. 2 .
We delineated a region of interest for each point source found (FWHM ×4), using the 
Morphology of the IR Images of the Nebulae
We obtained an approximate description of the morphologies of the IR ring nebulae by fitting their images with ellipses. This enabled determination of the center of the nebula, as well as its size, degree of asymmetry, and orientation to the plane of the sky. The fitting of the IR images with ellipses was conducted after point sources were removed (at 8 and 24 m), and was carried out in three stages.
1. We first found the photometric center of the image ( 0 , 0 ) by determining the "center of mass" of the intensities in all the pixels in a selected region around the object (Fig. 4) .
2. We then constructed rays extending in all directions from the photometric center, on which we identified the coordinates of pixels with the maximum intensities.
3. The resulting contour around the photometric center was approximated with an ellipse via a leastsquares fit. This yielded the following parameters of the region: the geometric center (center of the fitted ellipse), major and minor axes ( , ), and position angle relative to the direction toward the Galactic North pole.
The procedure for fitting the ellipses was carried out for the maps at 8, 24, and 70 m.
The resolution of the longer-wavelength maps was insufficient for this analysis. Examples of images of ring nebulae with fitted ellipses are shown in Fig. 5 . Note that it was not possible to obtain a correct fit with an ellipse in a number of cases, due to poor resolution and/or complex structure of the object. An example is shown in Fig. 6 . The formal errors in the semiaxes of the ellipses are about 0.1 ′′ , but, taking into account the uncertainty in the fitting, we estimate the uncertainty in the size of the object to be roughly 1 ′′ (with a corresponding uncertainty in the eccentricity of ∼ 0.1).
The procedure used to choose an elliptical contour was carried out such that the ellipse was fitted in the outer ring at 8 and 70 m and in the inner ring at 24 m (examples of the arrangement of the rings are shown in Fig. 4 ). The inner ring can also be visually The white circles show the regions used in our analysis. distinguished on images at wavelengths from 70 to 160 m, but, for most objects, the corresponding intensity and/or angular resolution is insufficient for the automated analysis.
Thus, the innerring morphology must be studied individually at these wavelengths. The fitting enables the construction of the eccentricity and position angle distributions for the objects, and also checks for possible correlations between these parameters. The results are discussed in the following section. 
RESULTS OF THE ANALYSIS
The results of fitting ellipses to the 8 and 70 m images of the nebulae are presented in Tables 1 and 2 . A dash indicates that fitting is not possible for that object. Of our selected objects, 86 are considered earlier in [2, 4, 26] . We also identify four new objects in the studied regions of the sky, denoted TWKK in the tables. The sizes and eccentricities of 30 objects determined in [2] are compared with our results in Fig. 7 .
The sizes of the shells at both 8 and 70 m are in good agreement with previous estimates (we adopted = √ as an estimate of the size). The situation with the eccentricities is less clear: the values of in our study and in [2] are correlated, but with substantial scatter, possibly due to uncertainty introduced when fitting the ellipses to the images in order to estimate their parameters in [2] , which is done by hand. The distributions of the eccentricities of the ellipses fitted to the objects at 8, 24, and 70 The results of fitting ellipses to the 24 m maps deserve a separate discussion. As was noted above, the fitting procedure was carried out so that the 24 m ellipses traced the inner emission (relative to the shell at m). Strong non-uniformity of this emission means that the parameters of the ellipses reflect their real structure only in some cases (as, for example, in the middle panel of Fig. 5) ). In addition to fitting the images with ellipses, we also derived radial-intensity profiles of the nebulae at 8 and 24 m, constructing 256 rays through the center of the ellipse for each object (a detailed analysis of the photometric properties of the studied objects will be presented in a separate study). Examples of profiles for the object N49 shown earlier in here, but plan to examine this in detail in a future study dedicated to an analysis of the photometric properties of the studied objects.
A comparison of the sizes of the ellipses ( √ ) at 8 and 24 m shows that the mean ratio 8 / 24 is about 2.5 for our objects. The maximum value of this ratio exceeds 40, which in reality corresponds to a peak of the 24 m emission rather than a ring. This agrees with the results of theortical simulations of the IR emission from H II regions [9] , which indicate that PAHs radiate 8 m emission from the photodissociation region around the H II region, while 
DISCUSSION
The term "infrared bubble" is widely used in the literature for ring nebulae, implying that these nebulae are the projections of structures having roughly spherically symmetric shapes.
However, discussions about whether some of them are indeed rings, i.e., two-dimensional structures, have continued. Such rings or tori could arise around hot stars located inside relatively thin, dense molecular layers [27] . One objection to this hypothesis is that, if ring nebulae is formed in thin layers, we should observe them not only "face on", but also "side on", in the form of bipolar nebulae forming as a result of the gaps in expanding H II regions on either side of the layer. Such objects are indeed observed [28] , but their number is not sufficient to elucidate whether they are widespread and related to ring nebulae.
Statistical studies of the shapes of ring nebulae can shed light on their nature. Such studies were carried out in [29] , where IR nebulae were analyzed using observations obtained on the Spitzer and AKARI telescopes at wavelengths from 8 to 160 m. Hattori et al. [29] classified these objects by type (closed ring, open ring, unclassified object), and also investigated the relationships between their radii, luminosities, and relative luminosities at various wavelengths. They showed that the IR nebulae of all morphologies have some common properties, with the exception of large regions with open outer rings and high total IR luminosities. Hattori et al. [29] suggest that the origin of such nebulae could be related to collisions of two gas-dust clouds.
Similar explanations have been proposed for the nebula RCW49 [30] , and even the "perfect bubble" RCW120 [16] . Evidence for a possible collision in the past includes the presence of molecular clouds with various radial velocities associated with the IR nebula. The large difference in the velocities of two (about 15 km/s) clouds indicates that they cannot be gravitationally bound. These facts testify that both the formation of massive ionizing stars in these regions and the structure of the matter around them may have initiated a collision of two clouds. The example of RCW120 shows that a model with colliding clouds could explain the kinematics and morphology of the gas not only in regularly shaped ring nebulae, but also in irregular nebulae with open shapes.
The main aim of creating our sample of objects was to select ring nebulae for comparison with the results of one-dimensional numerical simulations. In other words, we wished to identify objects whose shapes were not too elongated (we adopted a limiting eccentricity of = 0.6 for the fitted ellipses at 8 m), resembling shells, not rings. One type of evidence for shell structure for at least some objects is the absence of line emission, in particular H . The numerical simulations conducted in [9] show that the optical depth of the leading wall of a spherically symmetrical shell of ionized hydrogen should be at least a few tens in the visible.
We found 47 such objects in our sample. However, in some of these, their low eccentricities reflect insufficient angular resolution (even at 8 m) to determine their structure, rather than a symmetrical shape. If we introduce the additional constraint 8 > 20
′′ (ten times the angular resolution at 8 m), 32 candidate objects remain, which is sufficient for a statistical comparison of the results of observations and these theoretical computations.
Half the 8 m fitted ellipses for the objects have eccentricities exceeding 0.6, testifying that the object is either very elongated or its outer shell is appreciably disconnected (i.e., the ellipse was essentially fit to some segment of the shell). Such distorted shells could arise during the expansion of a region of ionized hydrogen in a relatively thin molecular layer or in a strongly inhomogeneous cloud, and also in a collision of clouds. In all such cases, it is not possible to judge the nature of such a shell without additional detailed observations together with three-dimensional numerical simulations.
CONCLUSION
We have compiled a list of IR ring nebulae observed in the region 5 
